Abstract: Amnestic mild cognitive impairment (MCI) has been conceptualized as a transitional stage between healthy aging and Alzheimer's disease. Thus, understanding emotional face recognition deficit in patients with amnestic MCI could be useful in determining progression of amnestic MCI. The purpose of this study was to investigate the features of emotional face processing in amnestic MCI by using event-related potentials (ERPs). Patients with amnestic MCI and healthy controls performed a face recognition task, giving old/new responses to previously studied and novel faces with different emotional messages as the stimulus material. Using the learning-recognition paradigm, the experiments were divided into two steps, ie, a learning phase and a test phase. ERPs were analyzed on electroencephalographic recordings. The behavior data indicated high emotion classification accuracy for patients with amnestic MCI and for healthy controls. The mean percentage of correct classifications was 81.19% for patients with amnestic MCI and 96.46% for controls. Our ERP data suggest that patients with amnestic MCI were still be able to undertake personalizing processing for negative faces, but not for neutral or positive faces, in the early frontal processing stage. In the early time window, no differences in frontal old/new effect were found between patients with amnestic MCI and normal controls. However, in the late time window, the three types of stimuli did not elicit any old/new parietal effects in patients with amnestic MCI, suggesting their recollection was impaired. This impairment may be closely associated with amnestic MCI disease. We conclude from our data that face recognition processing and emotional memory is impaired in patients with amnestic MCI. Such damage mainly occurred in the early coding stages. In addition, we found that patients with amnestic MCI had difficulty in post-processing of positive and neutral facial emotions.
Introduction
Amnestic mild cognitive impairment (MCI) frequently represents a transitional stage between normal aging and early Alzheimer's disease (AD). 1 Patients with amnestic MCI usually show normal cognitive ability and normal ability in activities of daily living. However, they are thought to be at high risk of developing AD. 2, 3 Therefore, it would be useful to find a way of determining which patients with amnestic MCI will go on develop AD by investigating aspects of memory that are impaired and those that remain relatively intact.
Previous studies had shown that information with an emotional message may boost memory. 4 However, for patients with MCI, the amygdala, which is the key area of the brain for processing of emotional memory, may be damaged, as illustrated by significant elevation of neuritic plaques. 5 Currently, it remains controversial as to whether amnestic MCI shows an emotional superiority effect. Some studies have demonstrated impairment of emotional face recognition in patients with amnestic MCI. [6] [7] [8] [9] However, others believe that the precedence effect of amnestic MCI memory encoding for emotional faces (beneficial effect) is damaged, 10 and the most recent study 11 showed that recognition memory for emotional faces is impaired in amnestic MCI.
Due to their high time and temporal resolution, eventrelated potentials (ERPs) are considered to be particularly useful in time process monitoring and processing of emotional faces. It is believed that three components of ERPs are related to earlier perception, ie, P100, N170, and P2. The P100 component is thought to reflect domain-general early visual processing and to be insensitive to face familiarity or correct recognition. The N170 component is considered to be an indicator of structural encoding of a face. In addition, a positive potential may emerge together with the N170 component in the frontocentral sites, such as the vertex positive potential (VPP). 12, 13 Previous reports demonstrated that the amplitude of N170 was enhanced for personally familiar faces when compared with unfamiliar faces and for emotional faces when compared with neutral faces. The P2 component directly follows N170, and is thought to reflect visual processing linked to perceptual grouping, and is also considered to reflect an early recognition process. Moreover, P2 has been shown to be sensitive to emotional significance. 11 It was also described that ERPs were recorded while subjects performed a memory retrieval task that requires old/new judgments regarding visually presented old (previously studied) and new pictures.
14 This so-called ERP old/new effect consists of temporally and spatially dissociable subcomponents that have been associated with specific retrieval mechanisms and are evoked by a variety of stimuli. Two subcomponents were used in the current study. The first subcomponent was an early frontal old/new effect (300-500 milliseconds) that has often been associated with familiarity. A second subcomponent, the parietal old/new effect (500-800 milliseconds), has been associated with recollection. 15 Analysis of the ERP old/new effect in the early time window showed an early frontal old/new effect for negative faces but not for neutral faces. However, there is no difference in this regard between patients with amnestic MCI and healthy controls. 11 It has also been argued that negative emotion may boost familiarity due to enhanced conceptual or perceptual fluency for emotionally negative information, 16 and that emotional stimuli may be given priority for processing. 17, 18 Similar behavioral test results have also been reported by a number of other research groups. [19] [20] [21] [22] [23] Facial expressions inform how people feel and their action tendency. Six basic categories of emotional facial expressions have been identified, ie, happiness, sadness, anger, disgust, fear, and surprise, 24 Some involve signals of potential harm, whereas others convey signals of potential benefit. In prior behavioral research, happy facial expressions have been found to be more accurately and faster than other expressions. 25 In recent years, studies of emotional memory in younger and older adults have suggested that older adults may have reduced memory advantages for negative information, 26 and may in some instances demonstrate a positive bias, ie, a memory advantage for positive information. [27] [28] [29] [30] However, the underlying cognitive mechanisms are not fully understood. It has found that emotion-induced memory enhancement is abolished and positivity-related recognition bias is preserved in patients with amnestic MCI, 10 but there have been no studies exploring the change in recognition memory of patients with amnestic MCI by performing ERP analysis.
In this study, we investigated whether recognition memory for positive emotional faces is impaired in patients with amnestic MCI, and if so, at what stage of memory recognition this impairment occurs, and whether it makes any difference if patients are tested for memory impairment using positive emotional faces or negative emotional faces. So far, all of these issues remain the subject of debate. We measured behavioral and ERP data in patients with amnestic MCI and in healthy controls to determine the time course of successful identification of emotional faces. We hypothesized that patients with amnestic MCI would show an early and late time window old/new effects deficit, and the changes in old/new effects in patients with amnestic MCI would be correlated with progression of amnestic MCI.
Materials and methods Participants
All patients met Petersen's criteria 2 for amnestic MCI, which included the following: complaining of memory loss for more than 3 months; maintaining normal activities of daily living; presenting normal general cognitive function; showing objective impairment in one area of cognitive function as evidenced by scores .1.5 standard deviation of age-appropriate norms; and having a Clinical Dementia Rating score of 0.5.
The amnestic MCI and control groups were both required to meet the following conditions: no dementia; no significant 
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Emotional face recognition deficit in amnestic MCI changes on brain imaging, such as cerebral infarct, hydrocephalus, or leukoaraiosis; right-handedness; no history or evidence of psychiatric or neurological disease, cardiovascular disease, diabetes, thyroid disease, vitamin B12 deficiency, or substance abuse; normal vision or corrected normal vision; and being native Chinese.
The study was approved by the ethics committee at the First Hospital of Hebei Medical University. Before the experiments, all tested subjects were informed regarding the purpose of this study and signed consent forms.
The study included 24 patients with amnestic MCI and 24 age-matched healthy controls recruited as volunteers from Shijiazhuang City, People's Republic of China between May 2012 and February 2014. Demographic data and results for neuropsychological assessments are shown in Table 1 .
stimulus materials
Three hundred pictures of faces were chosen from the China Faces Emotions Materials database for this study. 31 One third of the selected pictures (n=100) were positive faces, one third were neutral faces, and one third were negative faces. The pictures selected were evenly divided between men and women. All pictures were of uniform size, background, and color, and were presented in the center of a 17-inch flat screen monitor with a gray background. 
Procedure and design
Using a learning-recognition paradigm, we divided our experiments into two steps, ie, a learning phase and a test phase. In the learning phase, subjects were presented with pictures depicting each of the three types of emotional face (there were 50 pictures for each type of emotion, with a total of 150 pictures presented). In response to presentation of each emotional picture, the test subjects were asked to type in a corresponding key. Each picture was presented four times in order to increase familiarity, and in a randomized order. The tests were started 40 minutes later after completion of the learning period, with recording of an electroencephalogram. Before the start of the learning phase, participants were asked to carefully observe and remember the presented faces. Forty minutes later, some novel faces were presented in order to test the ability to distinguish and memorize faces. During the learning stage, the subjects were required to focus on the point for 500 msec, after which a picture of a face was presented for 3 seconds and the subjects were required to make category judgments (positive, neutral, or negative) by pressing specific keys. Presentation of each picture was separated by a 1,000 msec blank screen. For the recognition phase, the three types of learned emotional faces and novel faces were mixed first, and then presented to the subjects, who made decisions regarding their familiarity with the faces.
The details of the testing procedure used in our study are as follows: at the beginning of each test, a "+" sign appears at the focus point for 500 msec, a picture of a face then appears for up to 2,000 msec, and the subject is asked to make the decision about the familiarity of the tested faces (learned or novel). A blank screen appears for 2,000 msec between each picture presentation. The guidance language used by the investigators was standardized after 12 practice trials before performing the recognition experiments.
electrophysiological recording
An electroencephalogram was recorded continuously for each subject by means of a Neuroscan amplifier SynAmps2. The electrodes were placed according to the international 10/20 placement system using a 64-lead electrode cap. A unilateral 
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Yang et al reference electrode was placed in the mastoid of the left ear. Vertical and horizontal electro-oculographic activity was recorded with additional electrodes located above and below the left eye and outside the outer canthi of both eyes. Connections were also placed at the midpoint frontoparietal zone and at the frontal zone. Electrical activity was amplified with a bandpass filter from 0.01 to 100 Hz and at a sampling rate of 500 Hz. In offline analysis, the data were intercepted into single sweep recordings from 100 msec before each stimulus onset to 800 msec after the stimulus. The baseline was corrected by averaging the signal during the 100 msec preceding the onset of the stimulus. All epochs with ocular artifacts greater than 75 μV were automatically rejected by a regression method with a bandpass filter of 0.05-40 Hz.
The resistance between each electrode and the scalp was less than 5 KΩ. Electroencephalographic data were analyzed with Scan 4.5 software. E-Prime software was used to collect the stimulus and behavioral data.
Neuropsychological tests
All study subjects underwent a series of neuropsychological tests one day before implementation of the ERP test. The main tests used were the Mini-Mental State Examination 32 and the Beijing version of the Montreal Cognitive Assessment. 33 Assessment of daily activity was done using the activities of daily living. 34 The Center for Epidemiologic Studies Depression Scale 35 was used to identify depression.
Data analyses Behavioral data
In the learning phase, we analyzed how often the subjects classified the different types of emotional pictures correctly. In the subsequent recognition phase, we analyzed four indicators as follows: the percentage of subjects correctly recognizing pictures of happy, neutral, and angry faces (hits); the percentage of erroneously recognized faces (false positives); discrimination accuracy, calculated as (Pr = p [hits] -p [false positives]); and recognition bias, ie, the probability of saying "yes" to an item when uncertain, calculated as (
. 36 erP data ERP data were analyzed from 800 msec after the stimulus onset. The baseline was taken for the time window of 100 msec before the stimulus onset. As in previous studies, ERP data were analyzed on the basis of the early components (P100, N170/VPP, P200), which were quantified by mean amplitude, and the late old/new effect (early frontal old/new effect, parietal old/new effect). The range of peak value and latency were selected based on the total averaged figure. Three-factor repeated measures analysis of variance was performed for the peak latency of each early component (P100, N170/VPP, P200). The three factors were group (healthy control, amnestic MCI), emotion (positive, neutral, negative), scalp position (P100 at 90-140 msec for O1 and O2; N170 at 160-240 msec for PO8 and PO7; VPP at 160-240 msec for the frontal zone and the central zone; P2 at 240-380 msec for PO8 and PO7). The average amplitude of the early components (P100, N170/VPP, P200) were similarly analyzed, with the corresponding three factors being groups (normal, amnestic MCI), emotion ( 
erP old/new effect
The ERP old/new effect was analyzed using data collected from 12 factors (F5, FZ, F6, C5, CZ, C6, P5, PZ, P6, CB1, OZ, CB2). The time window for analysis was 300-500 msec for the early frontal old/new effect and 500-800 msec for the parietal old/new effect. Five-factor repeated-measures analysis of variance was performed for the ERP old/new effect from two recorded brain areas. 
Results

Behavioral data study session
The accuracy of emotion classification was high in both groups. The mean (± standard deviation) percentage of correct classifications was 81.19%±12.7% for the amnestic MCI group and 96.46%±8.3% for the control group. The percentage of correct classifications was higher for healthy controls than for patients with amnestic MCI (F=5.26, P=0.028). There were no differences in or interactions between the emotional categories.
Test session
Parameters of recognition performance are displayed in Table 2 . In this study, the average error rate was 30 
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Emotional face recognition deficit in amnestic MCI and the error rate for all subjects was 19.55%-43.55%. The error rates during the test are listed in Table 3 .
erP data
In this analysis, we only included electroencephalographic data from tests with correct rejections (CR), ie, the "old" response to faces we researched in this study (hits) and the "new" response to novel faces (CR). The total mean ERPs evoked by hits and CR for negative, positive, and neutral faces are presented in Figures 1-3 , respectively.
P100 component
Four-factor repeated-measures analysis of variance was performed for the amplitude and peak latency of P100. The four factors were group (healthy control, amnestic MCI), emotion (positive, neutral, negative), scalp position (01, 02), and old/new effect (hits, CR). The results are summarized in 
N170/VPP component
Four-factor repeated-measures analysis of variance was performed for the amplitude and peak latency of N170. The four factors were group (healthy control, amnestic MCI), emotion (positive, neutral, negative), scalp position (P07 and P08), and old/new effect (hits, CR). Compared with the healthy control group, the peak latency of N170 for the amnestic MCI group was clearly prolonged (t=5.57, P,0.01). For the control group, at the P08 recording position, the amplitude of hits for negative faces was larger than the amplitude for CR (t=5.61, P,0.01). Similar results were observed for positive faces (t=3.11, P,0.05), but no difference was observed for neutral faces. For the control group, the amplitude of N170 in the hits condition was enhanced for both positive faces (t=12.36, P,0.001) and negative faces (t=15.26, P,0.001). The difference was significant compared with neutral faces. For the amnestic MCI group, the amplitude of N170 did not change for old/new effect. However, for the presentation of novel faces, the difference was significant for the different emotional faces. Compared with neutral faces, the amplitude of N170 was decreased for negative faces in both recording electrodes for P08 (t=6.01, P,0.01) and P07 (t=7.73, P,0.01, Table 5 ). 
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Emotional face recognition deficit in amnestic MCI group was increased (t=13.30, P,0.001) when compared with the CR for negative faces in the healthy control group. No significant differences were observed with the rest of the dimensions (Table 6 ).
P2 component
In the amnestic MCI group, the tested subjects showed strong effects of recognition with negative faces, but no effects with neutral faces or positive faces. In this study, four-factor repeated-measures analysis of variance was performed for P2 amplitude. The four factors were group (healthy control, amnestic MCI), emotion (positive, neutral, negative), scalp position (P07 and P08), and old/new effect (hits, CR). In the control group, the P2 amplitude in the hits situation was significantly larger than that of the CR with negative faces (t=6.09, P,0.01), and was similar with positive faces (t=7.33, P,0.01). However, for hits in the control group, the P2 amplitude for recognition of negative faces was much higher than that for recognition of neutral faces 
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Emotional face recognition deficit in amnestic MCI (t=5.17, P,0.01) and positive faces (t=3.36, P,0.05), and the difference was significant. In the amnestic MCI group, at the P08 recording electrode, the peak hits for negative faces was more positively shifted than the CR peak for negative faces (t=6.60, P,0.01), but no statistically significant differences were observed for P2 peak latency (F,0.81, P.0.05, Table 7 ). This result suggests that when the tested subjects tried to recognize negative faces, they could distinguish easily between studied faces and unstudied faces. The participants retained the negative face recognition effect, and had a more accurate memory for negative faces. P2 is believed to be more sensitive to emotional information, [37] [38] [39] and our results suggest that negative emotional information improves face information processing during the learning period. 
erP old/new effect
In the control group, the average amplitude of the negative face hits was greater than the average CR amplitude in the early time window. This effect appeared in F5 (t=6.65, P,0.01), the frontal zone (t=7.07, P,0.01), and the central zone (t=5.33, P,0.01). The result was similar for recognition of positive faces at recording electrodes in the frontal zone (t=3.17, P,0.05) and central zone (t=13.80, P,0.001). In the control group, when compared with neutral face recognition, the peak for angry face hits was more positively shifted. This emotional effect was found only in the frontal zone (t=6.01, P,0.01) and central zone (t=6.82, P,0.01). In the amnestic MCI group, the average hits amplitude was larger than the average CR amplitude. This emotional effect occurred in the frontal zone (t=5.14, P,0.01) and the central zone (t=3.78, P,0.05). Compared with the control group, the amplitude of hits for angry faces was more positively offset than that for neutral faces. This emotional effect was found in the 
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Emotional face recognition deficit in amnestic MCI frontal zone (t=6.90, P,0.01) and central zone (t=12.41, P,0.001, Table 8 ).
In the control group, the hits amplitude for positive faces was greater than the CR amplitude in the late time window. The main electrodes showing this phenomenon were at the central zone (t=14.69, P,0.001) and parietal zone (t=15.28, P,0.001). Similar results were also obtained with negative faces at the main electrodes of the central zone (t=7.02, P,0.01) and parietal zone (t=5.33, P,0.01). In the control group, the hits amplitude for negative faces was greater than (Table 9) .
Discussion
In the current study, we investigated the time course of emotional face recognition in patients with amnestic MCI and in healthy controls by measuring behavioral and ERP data. Our main findings are summarized here. The accuracy of face recognition memory was lower in patients with amnestic MCI than in healthy controls, which supports the presence of damaged episodic memory in amnestic MCI. 2, 11 Both patients with amnestic MCI and healthy controls showed an emotional preference for face memory. Compared with emotional faces (positive and negative), the hits rate was relatively low and the false positive rate was relatively high for neutral faces. The accuracy of face memory is clearly reduced for a neutral face. This finding indicates that emotional messages can improve episodic memory in amnestic MCI, which is supported by similar studies. 11, 40, 41 P100 reflects visual processing, a positive going wave in the occipital lobe with its peak normally observed in the 100 milliseconds range post-stimulus onset. [42] [43] [44] P1 is one of the components of P100, and can be modulated by attention. In this study, we did not find a difference in P1 amplitude and latency between patients with amnestic MCI and healthy controls, indicating that early visual processing during face recognition was not damaged in patients with amnestic MCI. Schefter et al found that the amplitude of P100 for hits was increased compared with that for CR, independent of emotion or group. 11 However, we did not find similar results in our study. The difference between our current study and the previous one may reflect the fact that Schefter et al reused old studied faces in their test phase. The learning procedure and test producer are also different, such as test face presentation time when test session runs. All these factors could contribute to this discrepancy. However, this would not affect the conclusion of our study, since it is independent of emotion and group.
N170 is a negative wave that can be recorded in the temporal occipital region. The N170 component is thought to be related to face structural encoding. 45, 46 In the current study, we found that N170 was delayed in patients with amnestic MCI when compared with healthy controls. The increase in N170 latency in patients with amnestic MCI indicates that the face structure encoding process may be slowed down by this disease. Similar results have been reported elsewhere. 11, 47, 48 In addition, with regard to N170 amplitude, the healthy controls showed a recognition effect with negative faces and positive faces, but not with neutral faces. However, the patients with amnestic MCI did not show a face recognition effect, suggesting that emotional face recognition is impaired in patients with amnestic MCI in term of face structural encoding. Further analysis demonstrated that an emotion effect was present for hits but not for CR. However, previous studies of N170 have reported both a face familiarity effect 49, 50 and a face emotion effect. 51, 52 The interaction of these two face recognition effects over the right hemisphere has been reported. Hits can represent this interaction, yet CR does not share the characteristic of face familiarity. A candidate process driving this interaction effect could be attention because facial emotion can serve as a cue to attract attention to the face in order further to assist the process of face recognition. 51, 53, 54 P2 showed a strong signal in the temporal and occipital sites, which is considered to reflect visual processing associated with perceptual grouping. 55 P2 is believed to be more sensitive to emotional information. [53] [54] [55] With regard to face recognition, P2 may reflect an early identification process. 49, 56, 57 Like N170, in healthy controls P2 showed a memory recognition effect for negative and positive faces, but not for neutral faces. Thus, our results strongly support the conclusion of previous studies, ie, that an emotional message can improve memory processing. 49, 57 It has been suggested that within the context of face memory, P2 may reflect an early recognition process involved in personalized face recognition. 56 For patients with amnestic MCI, P2 demonstrated a memory recognition effect only with negative faces, but not with neutral or positive faces. Therefore, our results imply that in the early frontal processing stage, patients with amnestic MCI are still able to make personalized processing for negative faces, but not for neutral faces or positive faces. This indicates that emotional recognition and memory processing is impaired in patients with amnestic MCI and that these impairments in the early recognition process are selective for neutral and positive emotional faces. In other words, the advantageous negative emotional effect in the early recognition process is preserved in patients with amnestic MCI.
In addition, hits show an emotional effect on P2, since emotional stimuli can produce automatic visual attention. [56] [57] [58] Schefter et al 11 suggest that the recognition effect of hits with negative emotional faces might result from a one-way or reciprocal influence in the processing stage. 
erP old/new effect
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Emotional face recognition deficit in amnestic MCI paradigm has been a fruitful research strategy when examining the effects of emotion on recognition memory. Generally correctly recognized "old" items elicit more positive moving waveforms than correctly rejected "new" items. This socalled "ERP old/new effect" consists of several temporally and spatially dissociable subcomponents. [58] [59] [60] [61] The first subcomponent is an early frontal old/new effect (300-500 milliseconds) that has often been associated with familiarity. [62] [63] [64] It has been suggested that the early frontal old/new effect may reflect implicit conceptual memory. [65] [66] [67] In young adults, the early frontal old/new effect is largely free from emotional stimuli, [68] [69] [70] [71] [72] but an early frontal old/new effect can be elicited by emotional stimuli in elderly people; neutral image cannot be drawn. 69 In the early time window, an old/new effect could be observed with both negative and positive faces in the two tested groups, but not for neutral faces. For patients with amnestic MCI, no difference in frontal old/new effect was found in comparison with normal controls.
The second subcomponent is a parietal old/new effect (500-800 milliseconds), which is related to recollection. 14, 64, 73, 74 Among the young subjects, compared with neutral stimuli, emotional stimuli would enhance this effect. [68] [69] [70] [71] [72] 75, 76 It has been pointed out that when tested subjects fail a recollection task, the old/new effect became weakened or absent. 77 In the present study, emotional stimuli (positive faces and negative faces) led to a parietal old/new effect in the control group. However, neutral stimuli did not lead to the same effects, which is consistent with previous studies suggesting that non-emotional information has no parietal old/ new effect. 78 In the current study, we found that three types of stimuli (emotional and neutral faces) did not elicit any parietal old/ new effect in patients with amnestic MCI. Since the parietal old/new effect is an indicator of recollection, [58] [59] [60] [61] our results suggest impairment of recollection in patients with amnestic MCI. Previous behavioral data support the idea that recollection is impaired in patients with amnestic MCI. [19] [20] [21] 23, 79, 80 This impairment may be closely associated with amnestic MCI, and the data strongly suggest that patients with amnestic MCI have difficulties in the late stage of emotional processing. Moreover, at this stage, the advantageous effect of negative face recognition even disappeared. This is not supported by a previous report 11 in which patients with amnestic MCI demonstrated a parietal old/new effect with negative faces. However, in that study, the old pictures were repeatedly presented in the learning stage, and the difference between that study and ours does suggest that a parietal old/new effect could be induced with intense stimuli in patients with amnestic MCI.
Conclusion
Our results show that in patients with amnestic MCI, face recognition was impaired for negative faces in terms of face structural encoding. However, emotional stimuli can enhance episodic memory in patients with amnestic MCI. The impairment of emotional face recognition in patients with amnestic MCI mainly occurred during the stage of structural encoding and in the early recognition stage when the stimuli were individualized. In addition, we found difficulties in the late stage of emotional processing in patients with amnestic MCI.
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